Telemedicine remote consultation dementia Alzheimer disease diagnostic accuracy video conferencing a b s t r a c t Introduction: The suitability of video conferencing (VC) technology for clinical purposes relevant to geriatric medicine is still being established. This project aimed to determine the validity of the diagnosis of dementia via VC. Methods: This was a multisite, noninferiority, prospective cohort study. Patients, aged 50 years and older, referred by their primary care physician for cognitive assessment, were assessed at 4 memory disorder clinics. All patients were assessed independently by 2 specialist physicians. They were allocated one faceto-face (FTF) assessment (Reference standard e usual clinical practice) and an additional assessment (either usual FTF assessment or a VC assessment) on the same day. Each specialist physician had access to the patient chart and the results of a battery of standardized cognitive assessments administered FTF by the clinic nurse. Percentage agreement (P 0 ) and the weighted kappa statistic with linear weight (K w ) were used to assess inter-rater reliability across the 2 study groups on the diagnosis of dementia (cognition normal, impaired, or demented). Results: The 205 patients were allocated to group: Videoconference (n ¼ 100) or Standard practice (n ¼ 105); 106 were men. The average age was 76 (SD 9, 51e95) and the average Standardized Mini-Mental State Examination Score was 23.9 (SD 4.7, 9e30). Agreement for the Videoconference group (P 0 ¼ 0.71; K w ¼ 0.52; P < .0001) and agreement for the Standard Practice group (P 0 ¼ 0.70; K w ¼ 0.50; P < .0001) were both statistically significant (P < .05). The summary kappa statistic of 0.51 (P ¼ .84) indicated that VC was not inferior to FTF assessment. Conclusions: Previous studies have shown that preliminary standardized assessment tools can be reliably administered and scored via VC. This study focused on the geriatric assessment component of the interview (interpretation of standardized assessments, taking a history and formulating a diagnosis by medical specialist) and identified high levels of agreement for diagnosing dementia. A model of service incorporating either local or remote administered standardized assessments, and remote specialist assessment, is a reliable process for enabling the diagnosis of dementia for isolated older adults.
diagnosis. 2 Older adults with complex memory problems benefit from comprehensive cognitive assessment provided by specialists, such as geriatricians, psycho-geriatricians, or neurologists, who often work in major population centers. Access to assessment can be problematic for patients living in remote areas. 2, 3 The remote diagnosis of dementia requires a reliable technical solution to each element of the assessment process: preliminary investigations, such as imaging and blood tests; standardized assessment tools; and specialist interview. Electronic transfer of imaging and blood test reports is current practice in many health services. Multiple studies have shown the reliability of administering a range of standardized assessment tools via VC. 4e8 In addition, a study examined the reliability of diagnosing dementia via VC by combining the administering of assessment tools and the geriatric assessment interview. 9 An alternative model is a combination of remote and local expertise: an outline of the medical history and battery of standardized cognitive assessments are undertaken by a nurse or other clinician at the remote site who then relays this information to the specialist physician before the VC interview. This latter service model, which may be more time efficient for the specialist physician, has been widely used in other specialities and is particularly efficient for satellite clinics or hospitals with trained staff. 10 Early studies of the use of VC for diagnosis of dementia or cognitive impairment in older adults have yielded consistently encouraging results with good levels of agreement on diagnosis (overall percentage agreement P 0 ¼ 0.65e1.00). 9, 11, 12 These studies were limited by small sample sizes, however, and restrictive inclusion criteria. 13 A definitive study, with a patient sample that included cases with more complex diagnostic issues, was required to provide clinicians with confidence in the use of VC for initial assessment interviews of patients with memory disorders. Accordingly, the aim of this study was to determine the validity of the diagnosis of dementia via VC using inter-rater agreement.
Methods

Study Design
This was a prospective cohort study in which patients referred to a memory disorder clinic underwent independent, sequential assessment by 2 memory disorder specialist physicians in VC and in face-toface (FTF) modes. All patients were allocated 1 FTF assessment (standard clinical practice) and an additional assessment (either standard FTF assessment or a VC assessment). Participants were randomly allocated to receive either paired FTF assessments (FF) in the standard clinical practice group or paired FTF and VC assessments (FV ¼ FTF/VC; VF¼VC/FTF) in the video group. Where the patient was allocated to receive a VC consultation, the order of FTF and VC was randomly allocated. Levels of agreement between study groups were then compared.
This study was approved by local human ethics committees at each of the 4 clinics, all in Australia, and The University of Queensland.
Diagnostic Criteria
Patients' cognitive function was defined in accordance with the DSM-IV diagnosis of dementia (290.0e294.8), by the following 3 mutually exclusive options: "Normal cognitive function" (no evidence of impairment meeting any of the criteria related to DSM-IV cognitive disorder); "Cognitive impairment no dementia" (evidence of impairment meeting some, but not all, DSM-IV criteria for dementia, including amnestic disorder and cognitive impairment not otherwise specified ); or "Dementia meeting DSM-IV criteria" (all criteria met).
14 Secondary questions were the agreement of classification of diagnostic subtype and the identification of further investigative or management options (such as additional investigations, medication recommendations, or allied health referral). Each specialist physician applied the diagnostic criteria during the assessment interview and completed the data collection sheet immediately following the assessment.
Avoidance of Bias
To avoid selective enrolment of subjects, specialist physicians agreed to consider all referred patients for the study. At each site, a research assistant/nurse was actively involved in enrollment and in the conduct of the study; a log was maintained to record information about all eligible patients. The consenting process was consecutive and carried out on the basis of a priori protocols. Specialist physicians were blinded to format of interview, and order of assessment (ie, physician allocation to complete the first or second interview). Each nurse (from all sites) was trained by the same neuropsychologist in the administration and scoring of the assessment tools.
Pre-Interview Preparation
Participants were initially seen by a clinic nurse who administered cognitive assessment tools, which included the Standardized MiniMental State Examination (SMMSE), 15 Rowland Universal Dementia Assessment Scale (RUDAS), 16, 17 Clock Face Test (CFT), 18 Letter Naming (F, A, S) Verbal Fluency Test (FAS) and Naming Animals Verbal Fluency, 19 and the Geriatric Depression Scalee15 questions (GDS-15).
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A second staff member met with the carer and administered the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE), 21 Neuropsychiatric InventoryeShort form (NPI-Q), 22 and Disability Assessment for Dementia (DAD). 23 These completed assessments, plus any additional investigations (such as computed tomography brain scans, blood tests) were provided to each specialist physician before the interview.
Telemedicine Specialist Assessment
For VC assessment, the patient was shown to a clinic room by the nurse and introduced to the specialist physician via video. All paired assessments occurred on the same day. The protocol excluded any physical examination for both study groups, other than observation of gait and other evident physical features. 24 Each specialist physician was blinded to the findings of the other specialist physician with whom they were paired until a team case conference was held for the patient at the end of the clinic day, and after the data from the assessments had been gathered, and a determination of the diagnosis had been made by the specialist physician. The need for additional neuroimaging, laboratory investigations, or detailed neuropsychological testing was determined at the case conference. One of the 2 specialist physicians was allocated responsibility for managing each patient's follow-up. To maintain clinical attention from both interviewers, specialist physicians were blinded to the allocation of this responsibility until the conclusion of the case conference.
Consensus Diagnosis by Independent Panel
Subsequently, 2 independent experienced specialist physicians reviewed a copy of each clinical file to establish a consensus diagnosis of dementia. They were provided with the pre-interview workup data, notes from the initial assessment interviews undertaken by both specialist physicians, and all additional relevant aspects of the patient clinical file (including results of referral to a neuropsychologist; magnetic resonance imaging reports; and both the team case conference and the family case conference discussion outcomes). A consensus decision-making process was followed. All disagreements were settled by discussion with a third independent specialist.
Study Participants
Eligible subjects were 50 years of age or older with undiagnosed cognitive problems following an initial assessment by a primary care physician and were referred for comprehensive cognitive assessment at 1 of 4 memory disorder clinics. All participants and caregivers were approached for written consent to participate in the study. If the potential patient was unable to provide informed consent because of perceived cognitive impairment, consent was sought from a secondary decision maker. Patients were excluded if they had previously been treated by one of the specialists or if they were younger than 50 years.
Procedure for Allocation to Study Group
Allocation to study group was carried out using a balanced block design of size 8, which was generated by a qualified statistician (EB) using an electronic random number generator, stratified according to study group (Standard Clinical Practice; Video), order of interview format (FTF or VC first), order of specialist physician assessment (Physician 1, Physician 2 for first or second interview), and blocked according to clinic site. Assignments were concealed in opaque, sealed envelopes that were numbered consecutively within each stratum.
Equipment
Each site was supplied with 2 sets of VC equipment. Each set included a television screen, a CODEC device, and a microphone. The CODEC device had the capacity to operate at 384 kbit/s using ISDN, and screen quality was similar at each site. A Liberator Simulator with 8 BI ports (SI/8B0P/01) was used at each site to connect the units at an ISDN connection speed of 384 kbit/s. This connection speed (384 kbit/s) and mode (ISDN) were selected on the basis of previous research validating diagnosis via VC using this speed and mode. 25 
Statistical Analysis
This study tests whether the percentage agreement between clinicians in the intervention group (FV/VF) does not lie beyond the lower limit of an acceptable range (a 1-tailed area of clinical indifference) when compared with the standard clinical practice group (FF). 26 The sample size calculation and the analytical methods are those used in equivalence studies: in that the absolute value of the difference that could be found between 2 study groups, while still concluding that the 2 interventions are equivalent, is determined a priori. In this study, the question of interest relates only to whether VC is "not worse" (ie, not inferior) than an FTF assessment, so the lower limit is the only margin of interest, hence the term "noninferiority study" applies.
The outcome of interest was the difference in overall percentage agreement (P 0 ) between paired assessments of the video group (VF/FV) and the standard clinical practice group (FF), for the question: "Does the patient have dementia?" scored as "Normal Cognition" (0); "Cognitive impairment not meeting DSM-IV criteria for dementia" (1), and "Yes, meeting DSM-IV criteria for dementia" (2). The sample size of 100 subjects per study group was identified to provide the study with power exceeding 80% to detect a noninferiority margin of 16% for agreement between FF and FV/VF groups for diagnosing dementia based on an assumption of prevalence of dementia of 70% and diagnostic agreement in standard clinical practice (FF) of 74%, allowing a 2-sided type 1 error rate of 5%. Analysis was completed by M.M.K. and K.K. using SPSS 18.0 (SPSS, Inc, Chicago, IL) and SAS Enterprise Guide 4.2 (SAS Institute Inc., Cary, NC).
Characteristics of enrolled versus nonenrolled subjects were compared. Balance between groups was examined using demographic data and SMMSE scores.
Percentage agreement (P 0 ) and the weighted kappa statistic with linear weight (K w ) were used to assess inter-rater reliability across the 2 study groups. In the standard clinical practice group, diagnoses made at the first interview were checked against those made at interview 2. In the video group, diagnoses made in the FTF interview (regardless of order of assessment) were compared with diagnoses made via VC, regardless of order of assessment. Weighted kappa was used to measure agreement, as it enables degrees of disagreement to be considered. For example, disagreement resulting in the use of the 2 extreme responses ("Normal Cognition," and "Yes, meeting DSM-IV criteria for dementia") is weighted more heavily than disagreement between adjoining options ("Normal Cognition," and "Cognitive Impairment").
A summary kappa score was calculated by combining the 2 independent weighted kappa estimates. The extent to which the inter-rater reliability in the 2 groups was the same was examined using the chi-square test. 27 The null hypothesis was that the 2 weighted kappa statistics were equal. Potential factors related to increasing the chance of disagreement in the diagnoses at the paired interviews were explored against available demographic and clinical assessments using logistic regression.
Inter-rater agreement between each assessment interview and the consensus diagnosis by the panel (CDP) was explored using weighted kappa with linear weight and their 95% confidence intervals (CIs).
Role of the Funding Source
The present study was funded by the National Health and Medical Research Council. MM-K was funded by a National Health and Medical Research Council PhD scholarship. The National Health and Medical Research Council is a competitive peer reviewed grant process. Accordingly, the study protocol was reviewed extensively before the grant was awarded.
Results
Study Population
Of the 270 consecutive patients available for the study, 210 (78%) consented to participate and underwent allocation to group (108 in the standard clinical practice group and 102 in the video group) between January 10, 2007, and May 19, 2009 . The remaining 60 patients were not enrolled because they declined to participate (30 patients), they were not eligible (1 patient), or there were protocol issues preventing complete assessment, such as lack of availability of 2 doctors to carry out the assessments on the same day (29 patients).
All participants received dual assessments. In the standard clinical practice group, 105 subjects (97%) were included in the analysis, and 3 were excluded after assessment based on age (2 cases) and nonadherence to study protocol (1 case). In the video group, 100 (98%) were included in the analysis, and 2 were excluded after assessment based on age (1 case) and technical problems with the VC (1 case) (Figure 1) .
Baseline characteristics for the sample, enrolled and nonconsenting, were similar ( Table 1 ). The baseline characteristics of the 2 groups were similar (Table 2) . With respect to the video group, consideration of the levels of agreement based on order of assessment (VC/FTF and FTF/VC) was carried out. If the 2 subgroups were not significantly different, they could be combined for the purpose of analysis. The weighted kappa statistics with linear weight for the VC/FTF subgroup and the FTF/VC subgroup were 0.56 (95% CI: 0.34e0.77) and 0.50 (CI: 0.32e0.68) respectively. The summary kappa statistic was 0.52 (CI: 0.38e0.66;) indicating that the 2 kappa statistics were not significantly different, 27 and hence analysis as a group was acceptable (Video group ¼ FV/VF). 
Agreement between the 2 Study Groups
Overall agreement for the standard clinical practice group (n ¼ 105) was 74 (70%; CI: 0.62e0.79), with a weighted kappa of 0.5 (CI: 0.36e0.65). Overall agreement for the video group (n ¼ 100) was 71 (71%; CI 0.62e0.8), with a weighted kappa of 0.52 (CI: 0.39e0.66). The difference in agreement between the clinical practice group (P 0 ¼ 70%) and the video group (P 0 ¼ 71%) was 1% (0.01; CI: e0.12e0.13) with a weighted kappa of 0.51(CI: 0.41e0.62), implying that there was no substantial difference between the methods of assessment (Table 3) .
Agreement with the consensus diagnosis by panel was explored in relation to the primary question of whether each participant had dementia. We found no statistically significant difference in interrater agreement between the standard clinical practice group and the video group. There was no statistically significant disagreement on diagnosis with the clinical reference standard for either standard clinical practice or video groups in relation to Alzheimer disease, vascular dementia, or cognitive impairment (P < .01).
There was little disagreement between raters, but most disagreement, if present, was between the diagnosis of cognitive impairment or dementia (Standard (FF): n ¼ 22; Video: n ¼ 19). Most disagreements resulted from one specialist physician diagnosing "Mild Cognitive Impairment" and the other specialist physician diagnosing either Alzheimer disease and/or vascular dementia.
Factors Affecting Agreement
Logistic regression was used to predict disagreement between pairs of doctors on the question of the presence of dementia. Among the variables explored, SMMSE score was found to be significantly related to the disagreement in the diagnoses of the paired interviews. Odds of the chance of disagreement, across both study groups, increased by 1.12 (P < .01) by the unit increment of the SMMSE score (ie, the higher the SMMSE the more disagreement). Dementia subtype diagnosis (Alzheimer's type, or vascular) was not a predictor of disagreement.
Discussion
This was a prospective cohort, noninferiority study demonstrating that the VC version of the consultation was not inferior to the FTF version, using percentage agreement (P 0 ) for the primary outcome: "Does the patient have dementia?" We observed no difference in levels of agreement for assessments completed using VC compared with those using FTF. The summary kappa P value for comparing the agreements in each group showed that the level of agreement was unlikely to have occurred by chance. The lower limit of the confidence interval for the difference in percentage agreement between the 2 groups was greater than the prespecified level of clinical indifference, indicating that VC assessment is not inferior to FTF assessment.
This study, which evaluated the reliability of the diagnosis of dementia via video consultation in older adults referred for cognitive assessment, builds on the findings of previous studies. 8, 9, 11, 12, 28 Previous trials did not randomly allocate to the type of interview. All the trials had small sample sizes, the largest being 42, 11 and therefore insufficiently powered to provide a definitive conclusion. It is important to acknowledge that this suitably powered study supports the findings of previous studies. This study was conducted with a protocol that involved providing each specialist physician with the preliminary screening completed by the clinic nurse. This model is appropriate for implementation at an established telehealth clinic where the investment in training the nurse assessor is justified. The use of a local clinic nurse to administer the tools reduces the cost of the most expensive ongoing aspect of telehealth: the specialist physician's time. Although this is a useful clinic model, 11, 12, 29 there was a project-specific benefit to adopting this approach. It served to reduce the confounding effects of different approaches to administering screening tools across sites and between physicians, and variation in performance from the patient because of repeated assessments (carried out on the same day). This was appropriate, as separate studies have independently validated the administration and scoring of a range of cognitive assessment tools via VC. 4e6,8,30e32 In contrast to a regular telehealth clinic, there may be an occasion for a stand-alone assessment. In this situation, training a local clinic nurse is not feasible or justified. An earlier study by Loh et al. 9 ,28 used a fully remote clinic model, where the assessment tools administered and the specialist interview were all completed via VC (n ¼ 20). The diagnosis was found to be reliable. Based on the evidence now available, we expect that a specialist physician can diagnose dementia via VC whether using validated for VC instruments for cognitive assessment administered by the specialist remotely, or cognitive assessment tools administered by a trained clinic nurse in person. The reliability of the administration of standardized assessment tools needs to be independently confirmed before incorporating the tool into a VC assessment protocol. At present, the following tools have been identified as validated cognitive assessment tools for VC: MMSE, 5, 8, 30 ,33e35 the GDS, 5, 8, 30 Brief Psychiatric Rating Scale, 5 FAS, 6 RUDAS, 4 and the Cambridge Cognition Examination. 31 The scoring of the clock-drawing test when carried out via VC was found to be not as reliable. 6, 34, 35 Previous studies have reported that patients and their families are comfortable with the technical and physical aspects of participating in a clinical assessment interview when it is carried out via VC 8, 12, 29, 36 (it is noted that when the connection is less than 384 kbit/s there were concerns about clarity 8, 30 ). The study sample described here was not reflective of patients who would have benefited from a VC assessment in the usual course of their care (travel to the memory clinic appointment was not challenging, as they were community-dwelling participants at an urban clinic), so an assessment of user satisfaction would have added little to our study. Studies of user satisfaction (patient, family, and clinician) completed by people where the telehealth service is the usual care pathway and is connected to a tangible benefit would be useful to gauge overall acceptability.
It is likely that subjects with an unambiguous diagnosis (dementia; not dementia) were less likely to be included in the study population because most patients referred to the memory clinic have some degree of diagnostic uncertainty. Therefore, the patient sample consisted of patients with cognitive symptoms or impairment requiring specialist assessment and diagnosis. In this study, with a rigorous protocol, agreement was 70% and 71% respectively. The use of an equally sized standard clinical practice group (FF) is therefore integral to the interpretation of the results.
Limitations of this study included a range of experienced and relatively newly qualified specialist physicians for the paired assessments. This may have increased the levels of disagreement, although this was not apparent. It is also likely that by the nature of the study clinicians may have spent more time and taken more care than they would commonly use in routine clinical practice. Assessments were carried out by physicians from varying specialities, but all had an interest in cognitive assessment. Specialities included geriatrics, psychogeriatrics, neurology, and general medicine.
Conclusion
For older patients referred for cognitive assessment, the use of VC as a means of connecting a patient and his or her caregiver with a specialist physician for the purpose of assessment is a reliable tool for assisting in the diagnostic process. The results of this study can be readily generalized to patients with less complex issues of cognition (that is definitely normal cognition or clear dementia). Therefore, for all older adults, diagnosis by video conference can be considered reliable after preliminary assessments have been performed. The results of this study cannot be generalized to a wider group of clinicians, such as primary care physicians, however. 24 
